We have investigated particle acceleration and emission from shocks and shear flows associated with an unmagnetized relativistic jet plasma propagating into an unmagnetized ambient plasma. Strong electro-magnetic fields are generated in the jet shock via the filamentation (Weibel) instability. Shock field strength and structure depend on plasma composition ((e ± or e − -p + plasmas) and Lorentz factor. In the velocity shear between jet and ambient plasmas, strong AC (e ± plasmas) or DC (e − -p + plasmas) magnetic fields are generated via the kinetic Kelvin-Helmholtz instability (kKHI), and the magnetic field structure also depends on the jet Lorentz factor. We have calculated, self-consistently, the radiation from electrons accelerated in shock generated magnetic fields. The spectra depend on the jet's initial Lorentz factor and temperature via the resulting particle acceleration and magnetic field generation. Our ongoing "Global" jet simulations containing shocks and velocity shears will provide us with the ability to calculate and model the complex time evolution and/or spectral structure observed from gamma-ray bursts, AGN jets, and supernova remnants.
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I. INTRODUCTION
Blazars and Gamma-Ray Bursts (GRBs) are the most luminous phenomena in the universe. Despite extensive observational and theoretical programs, our understanding of the physics remains quite limited. There is broad consensus that both are powered by eConf C141020.1 arXiv:1412.7064v1 [astro-ph.HE] 22 Dec 2014 relativistic jets, which are directly imaged by interferometry in the case of blazars, and that the jets are launched and collimated mainly by magnetic forces e.g., [1] [2] [3] [4] . However, there is uncertainty regarding details such as (1) magnetic versus kinetic domination, (2) rapid acceleration of particles to GeV and TeV energies, (3) location of highly variable gamma-ray emission and (4) source of seed photons if inverse Compton, (5) the scale of magnetic field turbulence in the radiation zone(s), and (6) the role of large and small scale instabilities in jet structure, dynamics, magnetization, particle energization and radiation.
For blazars, the observational data are now quite rich, with dense time sampling of flux at many frequencies from radio to GeV and TeV γ-ray, linear polarization at radio to optical, and images with subparsec linear resolution at mm wavelengths e.g., [5, 6] . For GRBs, the basic measurements of γ-ray and X-ray flux vs. time during the burst have been supplemented by observations of the afterglow at soft X-ray, optical, IR, and radio frequencies. What is missing is a comprehensive theoretical framework for interpreting this wealth of observational data. There are numerous studies that consider only radiative processes, instabilities, or particle acceleration (see [7] ), and a smaller number that pair the first with one of the latter two e.g., [8] . While separating analyses into soluble parts is a valuable technique, in GRB and AGN jets the dynamics, instabilities, and energy gains and losses are coupled processes. Here we present recent progress in shock and velocity shear simulations using a relativistic particle-in-cell (RPIC) code.
II. SHOCK SIMULATIONS
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A. Particle Acceleration and Magnetic Field Generation
RPIC simulations have been used to study particle acceleration, magnetic field generation, and emission from collisionless shocks. Simulations reveal that the filamentation (Weibel) instability, which generates magnetically wrapped current filaments, dominates relativistic shock processes [9] . There are significant differences between electron-positron pair and electron-ion shocks as the ion filamentation instability enhances shock magnetic field generation and thermal energy density relative to pair plasmas e.g., [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Our 3-D MPI parallelized RPIC code has been used to simulate relativistic electron-ion jet propagation into an unmagnetized ambient electron-ion plasma (m i /m e = 16) with equal jet and ambient electron number density, and jet thermal velocity v e j,th = 0.2c where c is the speed of light, and the jet Lorentz factor is γ = 15. The simulation used a system with dimension (L x , L y , L z ) = (8192∆, 64∆, 64∆), where ∆ is the cell size, and a total of ∼ 1 billion particles (16 particles/cell/species for the ambient plasma) [21] . This computational domain is twelve times longer than in our previous simulations ( [12, 18] ). Figure 1 shows the averaged (in the y − z plane) ion density and electromagnetic field energy along the electron-ion jet at simulation time t = 7372ω resulting profiles of jet (red), ambient (blue), and total (black) ion density are shown in Figure 1a . Warm jet ions are thermalized and ambient electrons are accelerated in the resulting leading (bow) and trailing (jet) shock system. Ambient ions are accelerated and pile up towards the jet front. The ambient plasma density increases behind the jet front, with additional increase to a higher plateau farther behind the jet front indicating the leading shock. The jet ion density remains approximately constant. The strongest electromagnetic fields are located at x/∆ = 4, 500 as shown in Figure 1b and are associated with the trailing shock. These strong fields may lead to the observed time dependent GRB afterglow emission. The longer simulation system has allowed significant nonlinear shock Weibel instability and associated particle acceleration development.
B. Self-Consistent Synthetic Spectra
We have calculated the radiation spectra directly from our simulations by integrating the expression for the retarded power, derived from Liénard-Wiechert potentials, for a large number of representative particles in the PIC representation of the plasma [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
The synthetic spectra shown in Figure 2a are obtained for emission from electrons in jets with Lorentz factors of γ = 10, 20, 50, 100, and 300. Spectra are obtained from an ensemble of electrons selected from the region where the Weibel instability, particle acceleration, and magnetic field generation are strongest. For each jet Lorentz factor we computed spectra for cold, v jet,th = 0.01c, (thin lower lines) and warm, v jet,th = 0.1c, (thick upper lines) jet electrons [34] [35] [36] [37] . Here the spectra are calculated for radiation beamed along the jet axis. We note that radiation losses are not included [38, 39] . Synthetic spectra are Bremsstrahlung-like at low frequencies ( [23] ) because the magnetic fields generated by the Weibel instability are weak and electron acceleration is modest. Synthetic spectra low frequency slopes are very similar to those of the spectra shown in Fig. 2b from [33] . Comparison between our synthetic spectra and the spectra from Abdo et al. [33] suggest that the spectral evolution observed from early to late times is mimicked by our synthetic spectra evolution from higher to lower jet Lorentz factor. However, further investigation is necessary and this is one of our future research efforts.
III. VELOCITY SHEAR SIMULATIONS A. Slab Jet Velocity Shear
In this simulation study we used a core-sheath plasma jet structure instead of the counter-streaming plasma setups used in previous simulations by [40] [41] [42] [43] [44] [45] [46] . The basic setup and illustrative results are shown in Figure 3 . In our setup, a jet core with velocity v core in the positive x direction resides in the middle of the computational box (see Figure 3a) . The upper and lower quarters of the box contain a sheath plasma that can be stationary or moving with velocity v sheath [47] [48] [49] [50] . This setup is similar to that in our RMHD simulations ( [51] ) that used a cylindrical jet core. Overall, this structure is similar in spirit, although not in scale to that proposed for AGN relativistic jet cores surrounded by a slower moving sheath, and is also relevant to GRB jets. However, here we represent the jet core and sheath as plasma slabs. Initially, the system is charge and current neutral.
The simulations were performed using a numerical grid with dimension (L x , L y , L z ) = (1005∆, 205∆, 205∆), where ∆ is the cell size, and periodic boundary conditions in all directions. The jet and sheath (electron) plasma number density measured in the simulation frame is n jt = n am = 8. The electron skin depth, λ s = c/ω pe = 12.2∆, where ω pe = (e 2 n am / 0 m e ) 1/2 is the electron plasma frequency and the electron Debye length for the ambient electrons λ D is 1.2∆.
The jet-electron thermal velocity is v jt,th,e = 0.014c in the jet reference frame, where c is the speed of light. The electron thermal velocity in the ambient plasma is v am,th,e = 0.03c, and ion thermal velocities are smaller by (m i /m e ) 1/2 . Simulations were performed using an electron-positron (e ± ) plasma or an electron-proton (e − -p + with m p /m e = 1836) plasma for jet Lorentz factors of 1.5, 5.0, and 15.0 with the sheath plasma at rest (v sheath = 0) [49] . The development of the velocity shear surfaces is shown in Figure 3b for e − -p + and Figure 3c for e ± plasmas with v core = 0.9978c (γ jt = 15). For the e − -p + case, a nearly DC magnetic field is generated at the shear-surfaces with negative (blue) B y at z = 150∆ and positive (red) B y at z = 50∆. Additionally, a eConf C141020.1 Figure 3b , is generated at the shear surfaces by current filaments. On the other hand, for the e ± case a relatively long wavelength (∼ 100∆) AC magnetic field is generated at the shear surfaces. Note the alternating B y > 0 (red) and B y < 0 (blue) along the flow direction. While our results are similar to those found by [45, 46] , there are significant important structural differences because their simulations were two-dimensional and used a counter-streaming setup.
B. Cylindrical Jet Velocity Shear
Since case currents are generated in sheet like layers and the magnetic fields are wrapped around the jet. On the other hand, in the e ± jet case many distinct current filaments are generated near the velocity shear and the individual current filaments are wrapped by the magnetic field. The clear difference in the magnetic field structure between these two cases may make it possible to distinguish different jet compositions via differences in circular and linear polarization.
IV. A COMBINED SHOCK AND VELOCITY SHEAR SIMULATION
We have begun "global" simulations involving injection of a cylindrical jet into an ambient plasma in order to investigate shock (Weibel instability) and velocity shear (kKHI) simultaneously. Previously these two processes have been investigated separately. In reality a jet or internal filament is injected into an ambient plasma resulting in velocity shear and shocks in a potentially complicated shock/shear system.
In order to begin investigation of the combined processes we have performed a simulation where a relativistic cylincrical jet is injected into an ambient plasma. We used a small system size of (L x , L y , L z ) = (1005∆, 131∆, 131∆) with jet radius r j = 20∆ and Lorentz factor γ jt = 5 to examine the fundamental differences between e ± and e − -p + jet cases and to test synthetic spectra computations. Previous synthetic spectra computations can be found in [28, 35-37, 47, 48] .
A. 2D Density, Current and Magnetic Field Structure Figure 5 shows 2D mid-plane slices of the electron density and the transverse magnetic field. Current filaments at the jet front are excited by fast currentdriven instability in the shock precursor [52, 53] . cases reveals significant electron density structure differences. Jet electrons and protons remain within the jet in the electron-proton case, but are found outside the jet in the electron-positron case due to mixing with ambient electrons and positrons as the positrons have more mobility than heavy protons.
Our previous simulations of the Weibel instability (e.g., [14] ), showed current filaments associated with the growing instability and Figure 6 shows the structure of current filaments in cross sections of the jet at two locations. For the electron-proton case the current filaments lie within the jet and a negative current is dominant outside the jet (as in a previous simulation shown in Fig. 7a and 7b in Nishikawa et al. [49] . However, for the electron-positron case, current filaments are found both inside and outside the jet. In particular, large current filaments can be seen at x/∆ = 480 outside the jet, similar to what was observed in the slab model (Nishikawa et al. [47] [48] [49] [50] ). Figure 7 shows 3D current filament isosurfaces along with magnetic field lines that are generated by the Weibel instability and by the kKHI. Only the front part of the jet is displayed (120 < x/∆ < 520) and the jet is propagating from back left to forward right. The cube is clipped at x/∆ = 320 and y/∆ = 66 in order to view cross sections parallel and perpendicular to the jet axis. For both cases, compact current filaments are confined mostly within the jet at the jet front (see also Figure 6b and 6d). The magnetic fields wrap around the current filaments. Since the simulation system is small, current structures are at an early stage of development, and a fully developed shock system is not yet formed at the jet front. In the e − -p + case long and continuous current filaments remain confined within the jet along the velocity shear surface behind the jet front (Fig. 7a) . For the e ± case short current filaments are found within and outside the jet along the velocity shear surface behind the jet front (Fig. 7b) . This presence of current filaments inside and outside the jet in the e ± case is also observed in slab geometry (see Fig. 3a and Nishikawa et al. [49] ), where current filaments were found farther outside the jet at smaller jet Lorentz factors.
B. 3D Current and Magnetic Field Structure
Small system simulations cannot fully distinguish between current filaments generated by the Weibel instability and those generated by the kKHI, and velocity shear effects are insufficiently resolved. Larger simulations need to be performed to clearly reveal the differences between the two cases, e.g., Nishikawa et al. [14] and Choi et al. [21] , and allow proper evaluation of emission from the jet boundary.
V. FUTURE WORK: HELICAL MAGNETIC FIELDS AND RECONNECTION
Our preliminary 3D global structure simulations indicate the importance of using global simulations to investigate the combined evolution of collisionless shocks and velocity shears. In order to resolve collisionless shock and velocity shear structures we will perfume global jet simulations using much larger systems with (L x , L y , L z ) = (8005∆, 405∆, 405∆). Additionally, a very large system is needed in order to scale kinetic processes to larger scale jet structures. A larger system will allow us to obtain a much more reaeConf C141020.1 sonable picture of the evolution of the magnetic field and subsequently the dependence of spectra and polarization on jet composition through synthetic emission computations.
Recently, Markidis et al. [54] performed threedimensional PIC simulations of a flux rope instability using a single flux rope with a simple screwpinch configuration [55] , i.e., the helical magnetic field has a constant pitch (e.g., [56] ). An artificial ion to electron mass ratio equal to 25 was chosen to reduce the simulation execution time, and the initial current was carried by the electrons (ions were initially stationary). The simulation revealed magnetic reconnection during the kink instability of the flux rope. Secondary signatures of magnetic reconnection included a quadrupolar structure in the density, a bipolar structure in the Hall field, and a reconnection associated electric field in proximity to the reconnection region.
In our future work we will inject jets like those shown in Figure 7 but containing a helical magnetic field like that implemented in Markidis et al. [54] and using a setup like that used in Wieland et al. [57] . This setup avoids transient phenomena due to an infinitely sharp contact discontinuity at the colliding front and avoids an artificial magnetic field pileup. In our setup we will generate a helical magnetic field via faster jet ions (protons or positrons) instead of electrons. This configuration will allow investigation of (1) the effect of helical magnetic field on growth of the Weibel instability and the kKHI, (2) the possible development of MHD-like kink and/or global KHI, and (3) the development of magnetic reconnection.
VI. CONCLUSIONS
We have presented 3D PIC simulations of collisionless shock and velocity shear development mediated by the Weibel instability and the kKHI for both electron-positron and electron-ion plasmas. The processes studied here are important in AGN and GRB jets that are expected to have shocks and velocity shears between faster and slower moving plasmas both within the jet and at the jet external medium interface.
We have shown via shock simulations that shock structure depends on the composition of the plasma, e.g., Choi et al. [21] and Nishikawa et al. [14] . The collisionless electron-ion (m i /m e = 16) shock shows a sharper rise in the electron density at the forward shock than the electron-positron case (see Fig.1a and compare to Fig. 1a in Nishikawa et al. [14] ). This sharper rise occurs because in the electron-positron case jet electrons propagate through the forward shock to the jet front but in the electron-ion case the jet electron density declines in front of the forward shock. This decline in the electron-ion case is due to the ambipolar electric fields created at the jet front by the heavier ions.
We have shown via velocity shear simulations that velocity shear structure depends on the composition of the plasma and the jet Lorentz factor, e.g., Nishikawa et al. [48] [49] [50] . The growth rate for the kKHI for the mildly relativistic jet case (γ j = 1.5) is larger than the relativistic jet case (γ j = 15). In particular, the different magnetic field velocity shear structure associated with electron-positron composition versus electronproton composition should have consequences for the polarization of jets in very high-resolution radio imaging. For a simple cylindrical geometry velocity shear case an electron-proton jet primarily builds magnetic field in the toroidal direction at the velocity shear surface. In contrast, a pair-plasma jet generates sizable radial field components that are only about a factor of two weaker than the toroidal field. In either case, strong electric and magnetic fields in the velocity shear zone will also be conducive to particle acceleration. When global jet injection simulations are performed the combination of shock and velocity shear structures makes the situation more complicated but our preliminary simulations show clear differences between electron-positron and electron-proton plasmas. Our preliminary simulations are too short for definitive statements on the efficacy of the process and the resulting spectra. However, it is clear that the magnetic field structure along with particle acceleration and transport in compact regions will be necessary for a realistic assessment and interpretation of observed emission spectra and polarization. eConf C141020.1 5th Fermi Symposium : Nagoya, Japan : 20-24 Oct, 2014 
